Introduction
============

Lung cancer is the leading cause of cancer-related death worldwide. Meningeal carcinomatosis is a severe condition associated with a poor prognosis in non-small-cell lung cancer (NSCLC) patients lacking driver oncogenes, for whom an optimal therapy has yet to be established. Recent studies ([@B1],[@B2]) have demonstrated the efficacy of a combination of brain radiation therapy and administration of an immune checkpoint inhibitor (ICI) for patients with lung cancer brain metastasis, although the effects of such an approach in patients with meningeal carcinomatosis have not been reported.

To our knowledge, this is the first report of a patient with NSCLC lacking driver oncogenes who developed meningeal carcinomatosis and then subsequently received whole-brain radiation therapy (WBRT) and Pembrolizumab, leading to a long-term survival. Our findings suggest that this combination therapy may be an effective treatment option for such cases.

Case Report
===========

The patient gave her informed consent for the publication of the details concerning her case, including images.

A 66-year-old woman with a 26-year history of smoking was referred to our hospital for the evaluation of abnormal chest radiograph findings. Chest computed tomography (CT) revealed a tumor 30.3 mm in diameter in the left upper lung as well as swelling of the left sub-aortic lymph node (\#5). A surgical biopsy of the \#5 lymph node showed a poorly differentiated adenocarcinoma lacking driver oncogenes \[epidermal growth factor receptor (*EGFR*) mutation-negative, anaplastic lymphoma kinase (*ALK*) fusion gene-negative, c-ros oncogene 1 (*ROS-1*) fusion gene-negative, rearranged during transfection (*RET*) proto oncogene-negative\]. The programmed cell death and its ligand 1 (PD-L1) tumor proportion score (TPS) was 60%. Positron emission tomography with 18-fluorodeoxyglucose (FDG-PET) also revealed the FDG uptake in the primary tumor and \#5 lymph node, while there was no evidence of distant metastasis (cT2aN2M0: Stage IIIA). Brain magnetic resonance imaging (MRI) before the initiation of chemo-radiotherapy showed no findings of previous central nervous system (CNS) metastasis. Chemo-radiotherapy with cisplatin and pemetrexed was performed, and the patient achieved a complete response.

Ten months later, brain MRI confirmed a solitary metastatic tumor in the right frontal lobe ([Figure A](#g001){ref-type="fig"}), for which stereotactic brain radiation therapy (SBRT; 35 Gy: 7 Gy×5) and second-line chemotherapy with pemetrexed were performed. After 13 cycles of chemotherapy, dizziness and deafness suddenly appeared. Brain MRI revealed disseminated lesions in both internal auditory canals and along the meninges ([Figure B](#g001){ref-type="fig"}), and an adenocarcinoma was confirmed on a cerebrospinal fluid examination. Based on these results, we diagnosed meningeal carcinomatosis and performed WBRT. Although her consciousness worsened for the duration of WBRT (30 Gy: 3 Gy×10), soon after it was finished, third-line chemotherapy with Pembrolizumab was administered. Within three days of the initiation of that chemotherapy regimen, the patient\'s consciousness recovered. After nine cycles of Pembrolizumab, brain MRI and cerebrospinal fluid examination results were improved ([Figure C](#g001){ref-type="fig"}), although deafness remained. At present, 23 months have passed since the diagnosis of meningeal carcinomatosis, and chemotherapy with Pembrolizumab is ongoing (30 cycles at the time of writing) without disease progression.

![Brain MRI findings. Solitary brain metastasis in the right frontal lobe at 10 months after the end of chemo-radiotherapy (A: arrow). Abnormal findings of disseminated lesions in both internal auditory canals (B: arrows) and along the meninges (C: arrow) after SBRT and 13 cycles of pemetrexed. Disappearance of previous findings following combination therapy with WBRT and Pembrolizumab (D, E: arrow).](1349-7235-59-1433-g001){#g001}

Discussion
==========

The prognosis for NSCLC meningeal carcinomatosis patients lacking driver mutations remains poor, with previous studies ([@B3]-[@B5]) showing a median overall survival period of 4-6 weeks for cases without any treatment and 2-3 months for those that underwent treatment, such as systemic therapy, intrathecal chemotherapy, or radiation therapy. In contrast, median overall and progression-free survival periods of 3.8-18.0 and 2.0-17.2 months, respectively, have been reported for *EGFR* mutation-positive NSCLC patients with meningeal carcinomatosis who received treatment with an *EGFR* tyrosine kinase inhibitor. This indicates this approach to be an effective treatment option for such cases ([@B6]-[@B10]) and highlights the need for effective treatment options for NSCLC patients lacking driver oncogenes who develop meningeal carcinomatosis. To our knowledge, this is the first report of such a patient, who has shown a minimum survival period of 23 months without disease progression, indicating the efficacy of this combined therapy.

Previous reports ([@B11]-[@B13]) have noted that the level of dense tumor-infiltrating lymphocytes (TILs) was high in cases of brain metastasis associated with certain types of cancer, including lung cancer. This high density was shown to be associated with a favorable survival duration. Although the blood-brain barrier (BBB) prevents antibody entry into the CNS ([@B14]-[@B16]), those results suggest that immune cells activated by immune-modulating drugs, such as ICIs, may be effective against CNS metastases. Indeed, previous studies ([@B17]-[@B19]) of NSCLC brain metastasis treated by ICI reported response rates ranging from 16.6-29.4% and a median OS ranging from 6.5-8.9 months.

Other more recent reports ([@B1],[@B2]) have shown the efficacy of a combination of brain radiation therapy and ICI administration for NSCLC patients with brain metastasis. Radiation augments anti-tumor immune responses via various mechanisms ([@B20]). It has been reported that radiation-induced tumor cell necrosis increases the release of tumor neoantigens and the tumor mutation burden ([@B21]). Furthermore, radiation also triggers the release of immune-stimulatory damage associated molecular patterns (DAMPs) that promote antigen-presenting cell (APC) recruitment to the tumor microenvironment and antigen presentation to cytotoxic T cells ([@B22],[@B23]). It has also been found that radiation primes CD8-positive T cells by stimulating IFN-γ production and increasing the tumor cell major histocompatibility complex (MHC) class I and Fas expression ([@B24]) while also increasing the PD-L1 expression ([@B21],[@B25]). These mechanisms maximize the effects of an ICI given for brain metastasis, regardless of the PD-L1 expression. While those previous studies ([@B1],[@B2]) targeted NSCLC patients with brain metastases, we suspected that the same mechanisms would be applicable to patients with NSCLC and meningeal carcinomatosis and thus performed combination therapy with WBRT and Pembrolizumab in the present case. The results obtained here are important and supports our speculation, although additional research is necessary.

The present findings indicate that the combined administration of WBRT and an ICI is an effective treatment option for NSCLC patients lacking driver oncogenes who develop meningeal carcinomatosis. This treatment could be considered for affected patients.
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